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Introduction
Only primates have in the cortex of adrenal glands a reticular zone, which produces dehydroepiandrosterone (DHEA) and its sulphate; lower animal species lack these precursor sex steroids. Peripheral tissues, like the male prostate, process DHEA further to active sex steroids. This research has led to clinical applications, 5␣-reductase inhibitors, which are used in benign prostatic hyperplasia and prostatic cancer. [1, 2] . Two groups have reported aromatase in human bone marrow mesenchymal stem cells (hMSCs) [3, 4] capable of differentiating towards osteogenic, adipogenic and chondrogenic lineages [5] [6] [7] . Aromatase is required for the conversion of testosterone to 17␤-estradiol and of androstenedione to oestrone. Lack of type 2 3␤-HSD and type 3 17␤-HSD in hMSCs has also been reported, which casts some doubt if these cells contain a complete steroidogenic apparatus [8] .
Bone cells contain steroid sulfatase and 17␤-hydroxysteroid dehydrogenase (17␤-HSD types 2 and 4). Aromatase has been described in human osteoblast-like cell line and 5␣-reductase was reported in first passage human osteoblasts
Based on the potential of osteoblasts to catalyse several intracrine reactions and of MSCs to catalyse at least aromatization, we suggested that bone marrow derived hMSCs might contain a more complete palette of enzymes for intracrine DHEA processing. We focused on the pathway necessary for the conversion of DHEA to dihydrotestosterone (DHT) (Fig. 1 
Fig. 2 Overlay figures of immunofluorescence staining of intracrine enzymes (in red colour) and 4Ј,6-diamidino-2-phenylindole nuclear counterstain (in blue colour). The first column shows unstimulated human bone marrow-derived mesenchymal stromal cells (MSCs) specifically labelled for 3␤-hydroxysteroid dehydrogenase (A), 17␤-hydroxysteroid dehydrogenase (C) and 5␣-reductase (E). The second column shows the corresponding immunolabelling results of human synovial fibroblasts. Negative control staining with normal non-immune goat IgG performed to MSCs (G) and fibroblasts (H)
confirmed the specificity of the staining results. 
5Ј-aatggcttgggagaaggttt-3Ј for 17␤-HSD-3 (358 bp), 5Ј-ccagttgactgcagaggaca-3Ј, 5Ј-tcgctaaacaggacggattt-3Ј for 17␤-HSD-5 (233 bp) and 5Ј-tcacccacactgtgcccatctacga-3Ј and 5Ј-cagcggaaccgctcattgccaatgg-3Ј for ␤-actin (295 bp). For the qRT-PCR standard curve, the gene of interest was amplified in the PCR, extracted from an agarose gel, and cloned into the pCRII-TOPO vector (Invitrogen

Results
Studies of unstimulated hMSCs and fibroblasts
Immunofluorescence staining of unstimulated hMSCs showed the presence of 3␤-HSD ( Fig. 2A) and 5␣-reductase (Fig. 2E) , whereas no 17␤-HSD was seen (Fig. 2C) (n ϭ 4) . Corresponding stainings of primary fibroblasts were negative (Fig. 2B, D and F) . The staining controls confirmed the specificity of staining (Fig. 2G  and H (Fig. 3A-D) . Addition of 1 nM dutasteride in particular with the lower 10 M DHEA increased this induction further (Fig. 3E ) compared to 10 M DHEA alone. DHT (Fig. 3G ) and dutasteride by itself (Fig. 3H) 
RNA copies for isotype-1, -3 and -5, respectively (n ϭ 4).
Studies of stimulated hMSCs
As the findings on 17␤-HSD were somewhat controversial further studies were done to assess its eventual sex steroid-mediated regulation. 17␤-HSD immunoreactivity was in hMSCs induced in a dose-dependent manner
Discussion
Considering the 1-day circadian, 28-day menstrual, 9-month pregnancy and 0-to-80-year life cycle scale hormonal changes, peripheral tissues and cells are subjected to considerably different and changing concentrations of sex steroids via endocrine delivery. These differences in endocrine sex steroid delivery over time are further enhanced between different systemic concentrations in men and women. A local cellular and tissue specific intracrine system has evolved in primates to counteract ('buffer') the above mentioned sex steroid changes over time.
Human adrenal glands produce high amounts of DHEA and its sulphate pro-hormones, which are used at least in some peripheral tissues to tailor-make active sex steroids [9, 10] . Aromatase has been studied in hMSCs [3, 4, 11] 
